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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image display 
element for facilitating mounting and electrode wiring, 
improving production efficiency and displaying high 
quality images. 

SOLUTION: A substrate for crystal growth composed by 
successively crystal- growing the respective layers of a 
light emitting diode element provided with a multi-layer 
structure is divided and a bar-shaped body for which the 
plurality of light emitting diode elements are linearly 
arrayed is attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The image display element characterized by the bird clapper, the substrate for crystal 
growths to which it comes to carry out the crystal growth of each class of a light emitting diode 
element which has multilayer structure one by one being divided, and being used as the rod-like 
structure by which two or more light emitting diode elements were arranged in the shape of a 
straight line on the same substrate. 

[Claim 2] The above-mentioned substrate for crystal growths is an image display element 
according to claim 1 characterized by the bird clapper from with a Mohs hardness of seven or 
less material. 

[Claim 3] With an above-mentioned Mohs hardness of seven or less material is an image display 

element according to claim 2 characterized by being single crystal silicon. 

[Claim 4] The above-mentioned light emitting diode element is an image display element 

according to claim 1 characterized by being a nitride semiconductor device. 

[Claim 5] The above-mentioned nitride semiconductor device is an image display element 

according to claim 4 characterized by being a GaN system III-V group semiconductor device. 

[Claim 6] The image display element according to claim 1 characterized by rare earth elements 

being doped by the barrier layer among each class of the above-mentioned light emitting diode 

element. 

[Claim 7] The image display element according to claim 1 characterized by preparing the 
common electrode of two or more above-mentioned light emitting diode elements in the above- 
mentioned image display element. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 Tills document lias been translated by computer. So tlie translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the chip using 
Light Emitting Diode which carried out light emitting diode element two or more arrangement 
about a light emitting diode element. 
[0002] 

[Description of the Prior Art] a lot of information data are processed by development of rapid 
technology in recent years — things become possible and the demand to the full color display 
which displays [ processing and ] a lot of image information is increasing in connection with this 
There are some which used the light emitting diode (it calls Light-emitting diode and Following 
Light Emitting Diode) element as one of such the display. That is. the display with which a 
desired picture is acquired can be made by arranging the Light Emitting Diode element which can 
be driven by the high brightness low battery in desired configurations, such as the shape of a 
matrix, and making each Light Emitting Diode element drive, respectively. And much display 
which has arranged the Light Emitting Diode element in the shape of a matrix is proposed as 
indicated by JP,56-1738A JP.5-53511 A JP.7-335942A JP,9-197979A JP.1 0-22529 A JP,8- 
306961 A JPJ-129097A JP,6-232456A JP,6-45660A etc. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in the process which manufactures such 
display, although it is necessary on a big screen to carry out mounting wiring of every one Light 
Emitting Diode element, this process takes very much time and the manufacture yield is also low 
considered to be a bird clapper easily. The yield per one unit and the problem of production time 
are solvable by dividing and producing to the small unit of a Light Emitting Diode element 3 piece 
x3 piece matrix, and it being parallel and performing much mounting wiring for every unit, there, 
as indicated by JP,7-129097,A. 

[0004] However, if a unit is made small too much in this case, the problem that mount as a big 
screen and the yield at the time of wiring becomes low will arise. Then, it is necessary to form 
the unit of the size optimal for mounting wiring. Moreover, although there is a method which is 
indicated by JP,56-1 738,A, for example as how to take out the electrode at the time of forming a 
unit in this way, in the case of such a method, the boundary between each unit is conspicuous, 
and there is a problem of it becoming impossible to display original image information in it. 
[0005] Therefore, it is originated in view of the conventional trouble mentioned above, and 
mounting and electrode wiring are easy, productive efficiency is good, and this invention aims at 
offering the image display element which can display a high-definition picture. 
[0006] 

[Means for Solving the Problem] The substrate for crystal growths to which it comes to carry 
out the crystal growth of each class of a light emitting diode element which has multilayer 
structure one by one is divided, and it is characterized by the bird clapper, the image display 
element concerning this invention being used as the rod-like structure by which two or more 
light emitting diode elements were arranged in the shape of a straight line. 
[0007] The substrate for crystal growths to which it comes to carry out the crystal growth of 
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each class of a light emitting diode element which has multilayer structure one by one is divided, 
and let the image display element concerning this invention be the rod-like structure by which 
two or more light emitting diode elements were arranged in the shape of a straight line. 
[0008] In this image display element, since the mounting man day of the Light Emitting Diode 
element at the time of forming display etc. by making an image display element into a base unit 
since two or more light emitting diode elements are arranged, and the number of wiring of an 
electrode are cut down sharply, it becomes what was excellent in productive efficiency, and the 
good high-definition picture of visibility can be displayed. 
[0009] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, this invention is explained 
in detail. 

[0010] An example of the image display element which applied this invention to gestalt drawing 1 
or drawing 3 of the 1st operation is shown. Drawing 1 is the plan of the image display element 1 
which applied this invention. Drawing 2 is drawing of longitudinal section in X1-X2 line of drawing 
1 . Moreover, drawing 3 is drawing of longitudinal section of the Light Emitting Diode element 
section. 

[001 1] A barrier layer is equipped with two or more Light Emitting Diode elements which it 
comes to form between the semiconductor layer by the side of n electric conduction, and the 
semiconductor layer by the side of p electric conduction, and the image display element 1 which 
applied this invention is constituted. Here, p electric conduction side points out the 
semiconductor layer between a barrier layer and p electrode, and n electric conduction side shall 
sandwich a barrier layer, and shall point out the semiconductor layer which is in an opposite side 
p electric conduction side. The image display element 1 which applied this invention Namely, for 
example. Si substrate which is the substrate 3 for the crystal growths of a Light Emitting Diode 
element. The AIN:Si layer which is the n side buffer layer 4 formed on the 1 principal plane of Si 
substrate, The GaN:Si layer which is the n side buffer layer 5 formed on the AINiSi layer, The 
AIGaN:Si layer which is the n side clad layer 6 formed on the GaN:Si layer, The InGaN/GaN layer 
which is the barrier layer 7 formed on the AIGaNiSi layer. The AIGaN:Mg layer which is the p side 
clad layer 8 formed on the InGaN/GaN layer. It has two or more Light Emitting Diode elements 2 
which have the GaNrMg layer which is the p side contact layer 9 formed on the AIGaNrMg layer, 
the p electrode 10 formed on the GaNiMg layer, and the n electrode 1 1 formed in the other 
principal planes of Si substrate, and is constituted. 

[0012] Cylindrically, it cuts and the above-mentioned image display element 1 is characterized 
for the substrate which used the Light Emitting Diode element 2 for the crystal growth of the 
Light Emitting Diode element 2 concerned by the cleavage or arranging more than one in the 
shape of a straight line on a substrate, as shown in dra win g 1 or d r awin g 3 . 
[0013] That is, the above-mentioned image display element 1 becomes possible [ cutting down 
sharply the mounting man day to other substrates at the time of producing display etc. ]. in order 
that the Light Emitting Diode element 2 of a predetermined number may be arranged on the 
substrate 3 for the crystal growths of the Light Emitting Diode element 2 concerned and may 
make this a base unit. Therefore, since the Light Emitting Diode element 2 can be mounted 
simple and efficiently, productive efficiency can be raised. 

[0014] moreover — the principal plane of the side in which each Light Emitting Diode element 2 
of the image display element 1 was formed, and an opposite side — each Light Emitting Diode 
element 2 on the image display element 1 — the n electrode 1 1 common to all is formed 
Therefore, since it can become possible to cut down sharply the number of wiring of the 
electrode at the time of producing display etc. and an electrode can be wired simple and 
efficiently, while being able to raise productive efficiency, the reliability of electrode wiring can 
also be raised. 

[0015] Moreover, in the above-mentioned image display element 1, it is characterized by having 
grown up the nitride and forming the Light Emitting Diode element 2 with a nitride semiconductor 
on the substrate 3 for the crystal growths of the Light Emitting Diode element 2. 
[0016] By forming the Light Emitting Diode element 2 with a nitride semiconductor, RGB can be 
obtained and the effect that degradation can moreover make luminescence quantity efficiency 
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high few can be acquired. And as a nitride semiconductor, a GaN system III-V group can be used 
suitably. 

[0017] Moreover, in the above-mentioned image display element 1, it is characterized by Mohs 
hardness using seven or less material as a substrate 3 for the crystal growths of the Light 
Emitting Diode element 2. 

[0018] Although the crystal of nitride systems, such as GaN, is usually grown up on silicon on 
sapphire. Mohs hardness is 9, and sapphire is very hard and very difficult to cut with high 
precision with the means of the dicing saw which usually performs a cleavage. If silicon on 
sapphire is cylindrically cut using a dicing saw, in a longitudinal direction, about 20-micrometer 
dispersion will usually arise in one cutting plane. However, when dispersion in cutting by this 
cleavage is large, fault will arise in the process which mounts the image display element 1 which 
is the process after producing display on another substrate. Therefore, dispersion in cutting in 
the longitudinal direction of the image display element 1 needs to press down the both-sides 
side of the image display element 1 to about 10 micrometers in all. 

[0019] Then, the yield can also be raised, while being able to reduce dispersion in the size of the 
cutting plane at the time of performing a cleavage when Mohs hardness uses six or less material 
as a substrate 3 for the crystal growths of a Light Emitting Diode element and being able to 
perform a cleavage with a sufficient precision. As what fulfills such conditions, the quartz whose 
Mohs hardness is 7, for example, and the single crystal silicon whose Mohs hardness is 7 can be 
used suitably. And with about 1-2 micrometers, although dispersion in cutting when a quartz 
performs cutting by the dicing saw also in it is about 5 micrometers, since there is very little 
dispersion in cutting when performing cutting by the dicing saw in the case of single crystal 
silicon, it can use single crystal silicon more suitably. Moreover, as compared with sapphire etc., 
single crystal silicon is cheap and can manufacture the quality Light Emitting Diode element 2 
cheaply by using single crystal silicon as a substrate 3 for the crystal growths of a Light Emitting 
Diode element. 

[0020] Moreover, in the above-mentioned Light Emitting Diode element 2, the color of 
luminescence obtained from the Light Emitting Diode element 2 can be changed by doping rare 
earth elements to InGaN of the InGaN/GaN layer which is a barrier layer 7. Here, as rare earth 
elements in which a dope is possible, La. Ce, Pr, Nd, Pm, Sm, Eu. Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
etc. can be used for InGaN, for example. Blue luminescence can be obtained by doping Eu, Sm, 
and Er especially by being able to obtain red luminescence, and being able to obtain green 
luminescence by doping Tb, and doping Tm, 

[0021] Predetermined rare earth elements are doped to InGaN as mentioned above. For example, 
the first color, Three kinds of image display elements which have arranged three kinds of Light 
Emitting Diode elements of the second color and the third color, respectively are produced. The 
image display element concerned is arranged one by one in order of the image display element 
12 of the first color, the image display element 13 of the second color, and the image display 
element 14 of the third color, as shown in drawing 4 . the p electrode 10 and the n electrode 1 1 
for example, by wiring using a wire etc. A electrochromatic display can be constituted simple and 
efficiently. 

[0022] The rare earth elements doped to InGaN in the above are chosen, the first color 
Moreover, blue. Namely, by setting a 450-480nm luminescence wavelength-range region and the 
second color to green, i.e., a 500-540nm luminescence wavelength-range region, and setting the 
third color to red, i.e., a 610-640nm luminescence wavelength-range region Quality full color 
display can be constituted simple and efficiently by being able to arrange three colors of RGB, 
arranging the image display element of these RGB3 color one by one, as shown in drawing 4 , and 
wiring p electrode and n electrode using a wire etc. 

[0023] The image display element 1 constituted as mentioned above is producible as follows. 
[0024] First, the substrate 3 single-crystal-silicon substrate for the crystal growths of a Light 
Emitting Diode element is prepared, and a single-crystal-silicon substrate is washed using the 
organic solvent etc. The washed substrate is inserted for example, into MOCVD (Metal Organic 
Chemical Vapor Deposition) equipment, and thermal cleaning is given by heating substrate 
temperature in temperature of 800-1050 degrees 0. 
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[0025] Next, in temperature with a growth temperature of 700-1000 degrees C, an AIN:Si layer is 
formed as an n side buffer layer 4 on the 1 principal plane of a single-crystal-silicon substrate. 
[0026] Next, a single-crystal-silicon substrate is heated in temperature of 700-1 000 degrees C, 
and an GaN:Si layer is formed as a buffer layer 5 on an AIN:Si layer at the thickness of 0.1 
micrometers or more. 

[0027] Next, a single-crystal-silicon substrate is heated in temperature of 1000 degrees C, and 
(aluminum) GaN:Si layer is formed as an n side clad layer 6 on an GaN:Si layer at the thickness 
of about 1 micrometer. Here, it is not necessary to necessarily form aluminum layer that what is 
necessary is just to make it mix if needed. 

[0028] Next, a single-crystal-silicon substrate is heated in temperature of 600-800 degrees C, 
and an InGaN/GaN layer is formed on an AIGaN layer at the thickness of about 1-6nm as a 
barrier layer 7 of multiplex quantum well structure (MQW:Multi-Quantum-Well). Here, although 
the contents of In in an InGaN/GaN layer differ with the luminescence wavelength demanded, 
i.e., the luminescent color, it is desirable to consider as 1% - about 80%. For example, red 
luminescence can be obtained by being able to obtain blue luminescence, and being able to 
obtain green luminescence by considering as about 40%, and considering as 50% or more by 
making the content of In in an InGaN/GaN layer into about 20%. Moreover, as a barrier layer, 
InGaN/AIGaN, InGaN/AIN, etc. can also be used besides InGaN/GaN. 
[0029] Moreover, the wavelength of luminescence obtained from the Light Emitting Diode 
element 2, i.e., a color, can be changed by doping rare earth to InGaN. Here, as rare earth in 
which a dope is possible, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho. Er. Tm, Yb, Lu. etc. can be 
used for AIGaN, for example. Blue luminescence can be obtained by doping Eu, Sm, and Er 
especially by being able to obtain red luminescence, and being able to obtain green luminescence 
by doping Tb, and doping Tm. 

[0030] Next, a single-crystal-silicon substrate is heated in temperature of 980 degrees 0. and a 
AIGaN:Mg layer is formed as a p side clad layer 8 on an InGaN/GaN layer at the thickness of 
about 0.1-0.2 micrometers. Here, the effect of improvement in the property of InGaN under it or 
improvement in the luminous efficiency by overflow electronic suppression can be acquired by 
mixing boron in AIGaN. 

[0031] Next, a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, 
and GaN:Mg is formed as a p side contact layer 9 on a AIGaN:Mg film at about 0.1 -micrometer 
thickness. 

[0032] In the above, trimethylgallium (TMGa) and triethylgallium (TEGa) can be used as a raw 
material of Ga. Moreover, NHS can be used as a raw material of N. And as a raw material of Mg, 
screw methylcyclopentadienyl magnesium (MeCp) (2Mg) and JISHIKURO pentane magnesium 
(Gp2Mg) can be used. 

[0033] Next, a p type carrier is activable by annealing the substrate which carried out the crystal 
growth in the above for 10 minutes at the temperature of about 800 degrees 0. 
[0034] Next, the electrode pad 1 6 is formed on a GaN:Mg layer. By the spin coater, a resist is 
applied and exposure and development are performed to the principal plane of the side in which 
washed the above-mentioned substrate, next the substrate carried out the crystal growth using 
the photo mask corresponding to the size and configuration of the electrode pad 1 6. And 
nickel/Pt/Au is formed by the vacuum deposition to thickness (lOnm, lOOnm, and about 300nm) 
after development, respectively, and an electrode pad is formed by performing a lift off with an 
acetone. 

[0035] Next, a transparent electrode is formed. A resist is applied and exposure and 
development are performed to the principal plane of the side in which washed the substrate in 
which the above-mentioned electrode pad 1 6 was formed, next the substrate carried out the 
crystal growth by the spin coater using the photo mask corresponding to the size and 
configuration of a transparent electrode 1 7 to form, and after development (for example, Au) — 
lOnm of thickness — a vacuum deposition — forming membranes — an acetone — a lift off — 
a line — a transparent electrode 17 is formed by things 

[0036] Next, isolation is performed. Isolation can be performed by **********ing to the 
predetermined thickness of an GaN:Si film using reactive ion etching (RIB) etc. 
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[0037] Next, rear-face polish of a substrate is performed A photoresist is applied to the front 
face of the side in which the electrode pad 16 grade of a substrate which performed isolation 
was formed, by the spin coater as a protective coat. And the principal plane of an opposite side 
is ground the side in which the rear face of a substrate, i.e., electrode pad 16 grade, was formed 
until the thickness of a Light Emitting Diode element is set to about 100 micrometers using a 
grinder etc. 

[0038] Next, the n electrode 1 1 is formed. Au, aluminum, or Cu is used as an n electrode 11. Wet 
etching etc. removes the oxide film formed in the principal plane of the side which gave the rear 
face of the substrate which gave rear-face polish, i.e.. polish. Next, an acetone etc. removes the 
photoresist formed in the front face of the side in which the front face of a substrate, i.e., the 
above-mentioned electrode pad 16 grade, was formed, as a protective coat, and the n electrode 
1 1 is formed by forming Au by the vacuum deposition in thickness of about 300nm at the 
principal plane of the side which gave the rear face of a substrate, i.e., wet etching. 
[0039] Next, the image display element 1 as shown in drawing 1 and drawing 2 is producible by 
performing a cleavage using a dicing saw etc. so that the Light Emitting Diode element 2 may 
arrange more than one in the shape of a straight line on the image display element 1. At this 
time, the n electrode 1 1 produced in the above is also divided into each image display element 1 . 

[0040] Other examples of the image display element which applied this invention to gestalt 
drawing 5 or draMn^^^^ of the 2nd operation are shown. Drawin is the plan of the image display 
element 25 which applied this invention. Drawing 6 is drawing of longitudinal section in X3-X4 line 
of drawing 1 . Moreover, drawing 7 is drawing of longitudinal section of the Light Emitting Diode 
element section. 

[0041] Si substrate whose above-mentioned image display element 25 is a substrate for the 
crystal growths of the Light Emitting Diode element 26. The GaNiSi layer which is the n side 
buffer layer 18 formed on the 1 principal plane of Si substrate, it forms on a GaN layer — having 
— barrier-layer growth — with Si02 which is the mask 20 equipped with the hole 1 9 barrier- 
layer growth — with the GaN:Si layer which is the n side clad layer 21 formed into the hole 19 
barrier-layer growth — with the InGaN/GaN layer which is the barrier layer 22 formed in a hole 
19 and on the mask 20 The AIGaN:Mg layer which is the p side clad layer 23 formed on the 
InGaN/GaN layer, It has two or more Light Emitting Diode elements 26 which have the GaN:Mg 
layer which is the p side contact layer 24 formed on the AIGaN:Mg layer, the p electrode 10 
formed on the GaN:Mg layer, and the n electrode 1 1 formed in the other principal planes of Si 
substrate, and is constituted. 

[0042] The above-mentioned image display element 25 of composition fundamental except using 
the mask 20, in case a barrier layer 22 is formed is the same as that of the gestalt of the 1 st 
operation almost, and it has the same effect. Therefore, here explains formation of the barrier 
layer 22 which uses a different mask 20 from the gestalt of the 1 st operation. 
[0043] In the above-mentioned Light Emitting Diode element 26. the GaN layer which is the n 
side buffer layer 19 is formed on the 1 principal plane of the single-crystal-silicon substrate 
which is the substrate 3 for the crystal growths of a Light Emitting Diode element, and Si02 is 
formed as a mask 20 on the GaN layer concerned, and as shown in the mask concerned at 
drawin g 8 and drawi ng 9 . in the in-every-direction direction, it stands in a line in the shape of 
[ predetermined ] a straight line — as — barrier-layer growth — the hole 19 is formed barrier- 
layer growth — the portion which takes the lead in case a hole 1 9 grows up a barrier layer 22 — 
it is — barrier-layer growth — an GaN:Si layer is formed in the thickness which is about 1 
micrometer as an n side clad layer 21 at the pars basilaris ossis occipitalis of a hole 19 and an 
GaN:Si layer top — barrier-layer growth — a hole 19 is buried and the InGaN/GaN layer which is 
a barrier layer 22 is further formed in the hexagon along the upper surface of a mask 20 
[0044] By considering as the above composition, positioning of the Light Emitting Diode element 
26 on the image display element 25 can be ensured [ simple and ], and it can consider as the 
image display element 25 with a sufficient arrangement precision of the Light Emitting Diode 
element 26. 

[0045] Next the image display element 25 constituted as mentioned above can be made like, and 
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can be produced. 

[0046] First, a single-crystal-silicon substrate is prepared as a substrate 3 for the crystal 
growths of a Light Emitting Diode element, and the single-crystal-silicon substrate concerned is 
washed using the organic solvent etc. The washed substrate is inserted into MOCVD (Metal 
Organic Chemical Vapor Deposition) equipment, and thermal cleaning is given by heating 
substrate temperature in temperature of 800-1050 degrees C. 

[0047] Next, in temperature with a growth temperature of 800-1000 degrees C, an GaN:Si layer 
is formed as an n side buffer layer 18 on the 1 principal plane of a single-crystal-silicon 
substrate. Although the thickness of this GaN:Si layer changes with the doping concentration of 
Si, its about 3 micrometers are desirable. 

[0048] Next, Si02 is formed as a mask 20 on an GaN:Si layer at the thickness of about 0.2 
micrometers, and it is shown in drawing 8 — as — a mask — barrier-layer growth with a depth 
of about 0.2 micrometers — only a predetermined number vacates a hole 1 9 so that it may 
stand in a line length and horizontally in the shape of a straight line, respectively the barrier- 
layer growth which vacated for the mask here — a hole 19 is a portion which takes the lead in a 
barrier layer 22 in a next process, and corresponds to the pixel at the time of constituting 
display etc. Moreover, you may form a mask 20 using SiN. 

[0049] Next, a single-crystal-silicon substrate is heated in temperature of 800-1000 degrees C, 
about 1 micrometer of GaN:Si layers is formed as an n side clad layer 21, a single-crystal-silicon 
substrate is further heated in temperature of 600-800 degrees C, and InGaN (3nm - about 
6nm)/GaN (about 5nm) is formed on an GaN:Si layer as a barrier layer 22 of multiplex quantum 
well structure (MQW:Multi-Quantum-Well). the barrier-layer growth which the GaN:Si layer and 
the InGaN/GaN layer were not formed on the mask 20 at first, but vacated for the mask 20 here 

— it is formed into a hole 19 and barrier-layer growth — after a hole 19 is buried — barrier- 
layer growth — it spreads around along the upper surface of a mask 20 focusing on the portion 
of a hole 1 9, and is formed in the shape of a hexagon this time — each barrier-layer growth — it 
adjusts so that barrier-layer 22 adjoining comrades which spread and grew from the hole 1 9 may 
not be connected 

[0050] thus, an GaN:Si layer top — a mask 20 — forming — a mask 20 — barrier-layer growth - 

- a hole 19 — vacating — a barrier layer 22 — forming — each barrier-layer growth — the 
process of the isolation performed with the gestalt of the 1 st operation mentioned above can be 
facilitated by controlling and carrying out so that the adjoining barrier layer 22 which grew up to 
be a hole 1 9 may not be connected 

[0051] Moreover, although the content of In in an InGaN/GaN film changes with luminescence 
wavelength demanded, it is desirable to consider as 1% - about 80%. Moreover, as a barrier layer, 
InGaN/AIGaN, InGaN/AIN, etc. can also be used besides InGaN/GaN. 

[0052] Moreover, the color of luminescence obtained from the Light Emitting Diode element 26 
can be changed by doping rare earth to InGaN like the gestalt of the 1 st operation. 
[0053] Next, a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, 
and a AIGaN:Mg layer is formed as a p side clad layer 23 on an InGaN/GaN film at about 0.1-0.2- 
micrometer thickness. 

[0054] Next, a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, 
and GaN:Mg is formed as a p side contact layer 24 on a AIGaN:Mg layer at about 0.1 -micrometer 
thickness. GaN.Mg as a p side contact layer 24 forms by making Mg concentration into height. 
[0055] Here, B may be mixed in the GaN layer and AIGaN layer which are carrying out the clad 
of the barrier layer 22 if needed, and BAIGaN which made [ many ] content of aluminum may be 
used for them. By mixing B, the stable disposition top of InGaN under it and electronic overflow 
can be suppressed, and the effect of improvement in luminous efficiency can be acquired. 
[0056] In the above, the peach same as a raw material of Ga, N, and Mg as the gestalt of the 1 st 
operation can be used. 

[0057] Next, the electrode pad 16 is formed on a GaNrMg layer. The above-mentioned substrate 
is washed, by the spin coater, a resist is applied and exposure and development are performed to 
the principal plane of the side in which the substrate carried out the crystal growth using the 
photo mask corresponding to the size and configuration of the electrode pad 16. And 
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nickel/Pt/Au is formed by the vacuum deposition to thickness (lOnm, lOOnm, and about 300nm) 
after development, respectively, and the electrode pad 16 is formed by performing a lift off with 
an acetone. Moreover, you may form Ti/aluminum/Pt/Au etc. instead of nickel/Pt/Au. 
[0058] Next, a transparent electrode 17 is formed. The substrate in which the above-mentioned 
electrode pad 16 was formed is washed, a resist is applied and exposure and development are 
performed to the principal plane of the side in which the substrate carried out the crystal growth 
by the spin coater using the photo mask corresponding to the size and configuration of a 
transparent electrode 17 to form, and after development (for example, Au) — lOnm of thickness 
— a vacuum deposition — forming membranes — an acetone — a lift off — a line — a 
transparent electrode 1 7 is formed by things 

[0059] Next, isolation is performed. Isolation can be performed using reactive ion etching (RIE) 
etc. In this case, since an adjoining barrier layer, a clad layer, etc. do not contact but are formed 
independently, respectively, they can make the side the configuration adjustment grade of an 
element by **********ing. Usually, the barrier layer mentioned above may perform isolation by 
etching in the shape of a hexagon in order to grow in the shape of a hexagon. 
[0060] Next, rear-face polish of a substrate is performed. A photoresist is applied to the front 
face of the side in which the electrode pad 16 grade of a substrate which performed isolation 
was formed, by the spin coater as a protective coat. And the principal plane of an opposite side 
is ground the side in which the rear face of a substrate, i.e., electrode pad 1 6 grade, was formed 
until the thickness of a Light Emitting Diode element is set to about 1 00 micrometers using a 
grinder etc. 

[0061] Next, the n electrode 1 1 is formed. Au, aluminum, or Cu is used as an n electrode 1 1. Wet 
etching etc. removes the oxide film formed in the principal plane of the side which gave the rear 
face of the single-crystal-silicon substrate which gave rear-face polish, i.e., polish. And an 
acetone etc. removes the photoresist formed in the front face of the side in which the front face 
of a substrate, i.e.. the above-mentioned electrode pad 16 grade, was formed, as a protective 
coat, and the n electrode 1 1 is formed by forming Au by the vacuum deposition in thickness of 
about 0.2 micrometers at the principal plane of the side which gave the rear face of a substrate, 
i.e., wet etching. 

[0062] Next, a p type carrier is activable by annealing a single-crystal-silicon substrate for 10 
minutes at the temperature of about 600-800 degrees C. 

[0063] Next, the image display element 25 as shown in drawing 5 and drawing 6 is producible by 
performing a cleavage using a dicing saw etc. so that an element may arrange two or more each 
elements to the longitudinal direction of each element. At this time, the n electrode 1 1 prepared 
in the principal plane whole surface of an opposite side is also divided into each image display 
element 25 the side in which Si substrate used for the crystal growth carried out the crystal 
growth. 
[0064] 

[Example] Hereafter, it explains using a concrete example. 

[0065] The image display element was produced based on the gestalt of the 1 st operation 
mentioned above example 1. 

[0066] First, the singie-crystal-silicon substrate was prepared and it washed using the organic 
solvent. And the washed substrate was inserted into MOCVD (Metal Organic Chemical Vapor 
Deposition) equipment, and thermal cleaning was given by heating a substrate at 800 degrees C. 
[0067] Next, the single-crystal-silicon substrate was heated at 750 degrees C, and the AIN:Si 
layer was formed as a buffer layer on the 1 principal plane of the substrate concerned at the 
thickness of 0.1 micrometers. 

[0068] Next, the single-crystal-silicon substrate was heated at 800 degrees C, and the GaN:Si 
layer was formed as a buffer layer on the AIN:Si layer at the thickness of 0.5 micrometers. 
[0069] Next, the single-crystal-silicon substrate was heated at 1000 degrees C, and the 
AIGaN:Mg layer was formed as a clad layer on the GaN:Si layer at the thickness of 0.2 
micrometers. 

[0070] Next, the single-crystal-silicon substrate was heated at 700 degrees 0. and the 
InGaN/GaN layer was formed as a barrier layer of multiplex quantum well structure (MQW:Multi- 
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Quantum-Well) on the AIGaN layer at the thickness of 3nm. 

[0071] Next, the single-crystal-silicon substrate was heated at 980 degrees C, and the AIGaNiSi 
layer was formed as a clad layer on the InGaN/GaN layer at the thickness of 1 micrometer. 
[0072] Next, the single-crystal-silicon substrate was heated at 980 degrees C, and GaN:Mg was 
formed as a contact layer on the AIGaNiMg film at the thickness of 0.1 micrometers. 
[0073] Next, the single-crystal-silicon substrate was washed, the resist was applied to the 
principal plane of the side in which the single-crystal-silicon substrate carried out the crystal 
growth by the spin coater, and exposure and development were performed using the 
predetermined size and the photo mask of a configuration. nickel/Pt/Au was formed by the 
vacuum deposition in thickness of 1 0nm, 1 0Onm, and SOOnm after development, respectively, and 
the electrode pad was formed by performing a lift off with an acetone. 

[0074] Next, the substrate in which the above-mentioned electrode pad was formed was washed, 
the resist was applied to the principal plane of the side in which the single-crystal-silicon 
substrate carried out the crystal growth by the spin coater, and exposure and development were 
performed using the predetermined size and the photo mask of a configuration, after 
development and Au — lOnm of thickness — a vacuum deposition — forming membranes — an 
acetone — a lift off — a line — the transparent electrode was formed by things 
[0075] Next, reactive ion etching (RIE) performed isolation by **********ing to the 
predetermined thickness of an GaN:Si layer. 

[0076] Next, the photoresist was applied to the front face of the side in which the electrode pad 
of the single-crystal-silicon substrate which performed isolation etc. was formed, by the spin 
coater as a protective coat. And the principal plane of an opposite side was ground the side in 
which it formed, the rear face, i.e., the electrode pad etc., of a single-crystal-silicon substrate 
etc., until the thickness of a Light Emitting Diode element was set to 100 micrometers using the 
grinder. 

[0077] Next, wet etching removed the oxide film formed in the principal plane of the side which 
gave the rear face of the single-crystal-silicon substrate which gave rear-face polish, i.e.. polish. 
Next, the acetone removed the photoresist formed in the front face of the side in which it 
formed, the front face, i.e., above-mentioned electrode pad etc., of a substrate etc., as a 
protective coat, and n electrode was formed by forming Au in thickness of SOOnm at the principal 
plane of the side which gave the rear face of a substrate, i.e., wet etching. 
[0078] Next, using the dicing saw, the cleavage was performed so that a Light Emitting Diode 
element might arrange in the shape of [ 5-50 ] a straight line on an image display element, and 
the image display element was produced. 

[0079] And the LED display equipment was constituted by performing wiring of lamination and an 
electrode for the image display element produced in the above, as shown in drawQg.4 . 
[0080] When image information was displayed for the LED display equipment constituted by the 
above by current drive, the picture of high brightness and high color quality was able to be 
acquired. 

[0081] The LED display equipment obtained above is constituted by putting in order the image 
display element which equipped with seven Light Emitting Diode elements the substrate used for 
the crystal growth of a Light Emitting Diode element. Since it became unnecessary to put one 
Light Emitting Diode element in order at a time and an image display element was mounted as a 
base unit by this, the Light Emitting Diode element was able to be mounted efficiently and 
simple. Moreover, that what is necessary is just to carry out for every image display element 
also about wiring of an electrode, since it was not necessary to wire one Light Emitting Diode 
element at a time, the electrode could be wired efficiently and simple and the reliability of wiring 
also improved. 

[0082] The image display element was produced based on the gestalt of the 2nd operation 
mentioned above example 2. 

[0083] First, the single-crystal-silicon substrate was prepared and it washed using the organic 
solvent. And the washed substrate was inserted into MOCVD (Metal Organic Chemical Vapor 
Deposition) equipment, and thermal cleaning was given by heating a substrate at 800 degrees 0. 
[0084] Next, the single-crystal-silicon substrate was heated at 750 degrees C, and the GaN:Si 
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layer was formed as a buffer layer on the 1 principal plane of the substrate concerned at the 
thickness of 3 micrometers. 

[0085] Next, Si02 was formed as a mask on the GaNiSi layer at the thickness of 0.2 
micrometers, a mask — barrier-layer growth with a depth of 0.2 micrometers — only the 
predetermined number formed the hole in the in-every-direction direction 
[0086] Next, the substrate was heated at 1000 degrees C and the GaN:Si layer was formed in 
the thickness of 1 micrometer as a clad layer. Furthermore, the substrate was heated at 700 
degrees C and InGaN (3nm)/GaN (5nm) was formed as a barrier layer of multiplex quantum well 
structure (MQW:Multi-Quantum~Well) on the GaN:Si layer. In order to produce the Light Emitting 
Diode element which emits light in red light. Eu was doped to the barrier layer, the barrier-layer 
growth which the barrier layer was not formed on the mask at first, but vacated for the mask — 
it was formed into the hole and barrier-layer growth — after a hole is buried — barrier-layer 
growth — it spread around along the upper surface of a mask focusing on the portion of a hole, 
and was formed in the shape of a circle 

[0087] Next, the substrate was heated in temperature of 1000 degrees C, and the AIGaNiMg 
layer was formed as a clad layer on the InGaN/GaN layer membrane at the thickness of 0.2 
micrometers. 

[0088] Next, the substrate was heated at 1000 degrees 0 and GaN:Mg was formed as a contact 
layer on the AIGaN:Mg layer at the thickness of 0.1 micrometers. 

[0089] Next, the single-crystal-silicon substrate was washed, the resist was applied to the 
principal plane of the side in which the substrate carried out the crystal growth by the spin 
coater, and exposure and development were performed using the predetermined size and the 
photo mask of a configuration. nickel/Pt/Au was formed by the vacuum deposition in thickness 
of lOnm, lOOnm, and SOOnm after development, respectively, and the electrode pad was formed 
by performing a lift off with an acetone. 

[0090] Next, the substrate in which the above-mentioned electrode pad was formed was washed, 
the resist was applied to the principal plane of the side in which the single-crystal-silicon 
substrate carried out the crystal growth by the spin coater, and exposure and development were 
performed using the predetermined size and the photo mask of a configuration, after 
development and Au — lOnm of thickness — a vacuum deposition — forming membranes — an 
acetone — a lift off — a line — the transparent electrode was formed by things 
[0091] Next, reactive ion etching (RIB) performed isolation by **********ing the sides, such as 
a barrier layer, to the predetermined thickness of a clad layer 

[0092] Next, the photoresist was applied to the front face of the side in which the electrode pad 
of the single-crystal-silicon substrate which performed isolation etc. was formed, by the spin 
coater as a protective coat. And the principal plane of an opposite side was ground the side in 
which it formed, the rear face, i.e., the electrode pad etc., of a substrate etc., until the thickness 
of a Light Emitting Diode element was set to about 100 micrometers using the grinder etc. 
[0093] Next, wet etching removed the oxide film formed in the principal plane of the side which 
gave the rear face of the single-crystal-silicon substrate which gave rear-face polish, i.e.. polish. 
And the acetone removed the photoresist formed in the front face of the side in which it formed, 
the front face, i.e.. above-mentioned electrode pad etc.. of a substrate etc., as a protective coat, 
and n electrode was formed by forming Au by the vacuum deposition in thickness of 500nm at 
the principal plane of the side which gave the rear face of a single-crystal-silicon substrate, i.e., 
wet etching. 

[0094] Next, the p type carrier was activated by annealing the substrate which carried out the 
crystal growth in the above at the temperature of 800 degrees C. 

[0095] Next, using the dicing saw, the cleavage was performed so that a Light Emitting Diode 
element might arrange in the shape of [ seven ] a straight line on an image display element, and 
the image display element for red luminescence was produced. 

[0096] Except doping Tb instead of Eu to a barrier layer, like the above, the image display 
element for green luminescence was produced, and the image display element for blue 
luminescence was produced like the above except doping Tm instead of Eu to a barrier layer. 
[0097] And the LED display equipment was constituted by performing wiring of lamination and an 
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electrode for the image display element produced in the above, as shown in drawing 4 . 
[0098] When image information was displayed for the LED display equipment constituted by the 
above by current drive, the picture of high brightness and high color quality was able to be 
acquired. 

[0099] The LED display equipment obtained above is constituted by putting in order the image 
display element with which the substrate used for the crystal growth of a Light Emitting Diode 
element was equipped seven Light Emitting Diode elements. Since it became unnecessary to put 
one Light Emitting Diode element in order at a time and an image display element was mounted 
as a base unit by this, the Light Emitting Diode element was able to be mounted efficiently and 
simple. Moreover, that what is necessary is just to carry out for every image display element 
also about wiring of an electrode, since it was not necessary to wire one Light Emitting Diode 
element at a time, the electrode could be wired efficiently and simple and the reliability of wiring 
also improved. 
[0100] 

[Effect of the Invention] As explained to the detail above, the substrate for crystal growths to 
which it comes to carry out the crystal growth of each class of a light emitting diode element 
which has multilayer structure one by one is divided, and let the image display element 
concerning this invention be the rod-like structure by which two or more light emitting diode 
elements were arranged in the shape of a straight line, 

[0101] Therefore, the image display element concerning this invention becomes able [ the 
mounting man day of the Light Emitting Diode element at the time of forming display etc. and the 
number of wiring of an electrode ] to cut down sharply. 

[0102] Therefore, in case the image display element concerning this invention constitutes display 
etc., it becomes what was excellent in productive efficiency, and it can display the good high- 
definition picture of visibility. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[D rawin g 1] It is the plan of an example of the image display element which applied this invention. 

[Drawing 2^ It is drawing of longitudinal section in XI -X2 line of drayyjng 1 . 

[Drawing 3] It is the enlarged vertical longitudinal sectional view of the Light Emitting Diode 

element section of drawing 2 . 

[Drawing 4] It is drawing showing the state where display was constituted using the image 
display element which applied this invention. 

[Drawing 5] It is the plan of other examples of the image display element which applied this 
invention. 

[Pxawing 6] It is drawing of longitudinal section in X3-X4 line of dravyin^^^^^ . 

[Drawing 7] It is the enlarged vertical longitudinal sectional view of the Light Emitting Diode 

element section of drawing 6 . 

[Drawing 8] a mask — barrier-layer growth — it is the plan showing the state where the hole 
was formed 

[Drawing 9] a mask — barrier-layer growth — it is drawing of longitudinal section showing the 
state where the hole was formed 
[Description of Notations] 

1 Image Display Element, 2 Light Emitting Diode Element, 3 Substrate for Crystal Growths of 
Light Emitting Diode Element, The 4n side buffer layer, 5 The n side buffer layer, 6 n side clad 
layer. 7 A barrier layer, the 8p side clad layer, 9 The p side contact layer, 10 p electrode, 1 1 n 
electrode, 16 electrode pad, 17 A transparent electrode, 18 n side buffer layer, 19 barrier-layer 
growth — a hole and 20 A mask and 21 The n side clad layer and 22 A barrier layer and 23 The 
p side clad layer and 24 The p side contact layer and 25 An image display element and 26 Light 
Emitting Diode element 
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[0 02 1 ] ^^^^©J:^^^^^, I nGaN{CH»f3£©# 
=«5K©L E D^T-*^n^tiieStfc=««©iii«ia 

3 . m=n<Dmmm7jkM^ 1 4 ©n-c^xees p « 

IBl ORO'nm®! 1 ^«^^«'7'r-V'l¥^fflC^ri2^-r 

[0 02 2] S/c. ±iB{C*it»ri nGaN{C K->^-r 
■S#±S7C^*jSJR0v ^-fe^WSv i|]^4 5 0~4 



(4) 

S 

5 4 0 n m<D^^m&^m. ^=fe*35^, IP^ 6 1 0 
~6 4 0 nm<D^iS?S^l^{ca:S^SCi(CJ:f). R 

<fean«^^*ia4«:m-ri:5tc»xieaL/. psesc; 

10 0 2 3] J£i±®<fc ^tC^SnfelBflia^-? 1 

<^6r)J:5(ClxT{lFK-r-2)Ci*lt?l?S, 10 
[0 02 4] sr. LED3R^Oi|$S^Sffi(DaS3# 

CVD (Metal Organic Chemical Vapor Deposition) 
ilSrttCjf AU. afi^ag[*«?!l^«8 0 0 ~ 1 0 5 0 -C 
©SSfC»nJ»f C i fc J: «5 if - y - i'^Sfe 

-r, 

[ 0 0 2 5 ] iXtC. 3 >«S<D-^®±{C, 

m«fiS:gias7 0 0 ~ 1 0 0 0 -ccDiaswifct^-rn w 

^^-^7tJB4 t UTA 1 N : S i»*J^RR-r-5. 20 

[ 0 0 2 6 ] ;>;{c. mm^iy 0 3 >smM^« too 

~ 1 0 0 0 'C(DWtSiiClXMV. A 1 N : S i m±tiC^^ v 
7t®5 iUrGaN : S ie=Sr0. 1 Mmjy_h®/?* 

[002 7] ^>:{c. mm^miy v a i o o 

0'C<DU&icmmV. GaN : S i®±{C. nWJi'^ 
KaeiLr (A 1 ) GaN : S iJ8*l umm&<Dm 

[ 0 0 2 8 ] ^^{C. #ifSSi> y 3 >SS*F!)^« 6 0 0 30 

-8 0 0 'com&icmmo. a i Ga NJi±«:, ^mm 

^=-#F#^ (MQW : Mil ti -Quantum-Well) ©ritSS? 
tbr I nGaN/GaNH* 1-^6 nmgS©/5*{C 
0fiS-r-5. CCT. I nGaN/GaNe*©! n©^ 

l%-'8 0%SS<!:-r-SCi*s»3fL/l^. m«. 
I nGaN/GaN®*©! n©^WS«r2 O^ggfi 
f SCi«:J:»)#fe©l6^*»SCi*J-C*. 4 0%« 
Ki'r-5>C<!:CCj:0iB^fe©^^ff-SCi*S-C#. S 
/c. 5 0%«±<!:-r.SCiJCJ;»)35tfe©^^;&f#iCi 40 
*i-C#2). rStteil/Ttt. InGaN/GaN 

©flfe{Cl nGaN/A 1 GaN-M nGaN/A 1 

[0 02 9] $/c, I nGaNK.^±m^}^--ytm 
tic J:*). LED^^2*^e)©6n^^©?JSS. BP% 
e*^^b3i±.5£:i*s-C€f-5. CCC. AlGaNtCF 
-T-Djfil^c^iiSi Lr«, La. Ce. P 

r. Nd. Pm. Sm. Eu. Gd, Tb. Dy. H 
o. Er. Tm. Yb. L uf|f*ffll,>.5C i^iT**. 
«Nf«:. Eu. Sm. E r%F--;^-r-SCi«Cj:»). 50 



#582 0 0 1-2 84 64 1 
6 

^*SSCi3W-C*. Tb*K-:/-r-5C<k(cJ:t)l^ 

[0030] ;>:tc. mifes-> y 3 9 8 0 

-COm&iCimV. I nGaN/GaNJS±«:. pWJi» 
•7-^ K®8 itTA 1 GaN : MeJl^O. 1~0. 2 
MmgS©ll*{Cj^fiS-r^). CC-e. AlGaNtC^e? 
IR?:tgA-rSCi(Cj:0. -eCT©! nGaN©!^® 
lfi]±-(S3|---'<-7 o-s^^jqi*U{c J: S^^^©lfll±© 

[003 1 ] ;x{c. mi^^-> y 3 800 

~9 8 0*C©aef{c*nS»L/. a l GaN : MsrlSitc. 
Pfflij3>^»i? bJ19 iUrGaN : Mk%0. 1 limS 
^©)SJSK?f$fi£-rS. 
[0 03 2] ±iB«:*it>-C. Ga©Mf4<bb-C». hy 
^g=-Jl/^y'?A (TMGa) -^h yx^;I/;t/y'^A (T 
EGa) ?:fflt>SCi*^-C^^). SA:. ^(DjmtL-C 
». NH3 4ffll»-5C;i*it?*S. -e-L/r. Mg©ili|Sf 

A ( (MeCp) ,Mg) ^2^i^i'0'^>5?>vi^^i^ 

[0033] -AiC. itatCfcl^TifeSfiSfiSli'/cSffi* 

m«8 0 o'C!ge[©ae-ci o^iBir--Ji'-rsc-!: 

[0034] ^>:4C. GaN : MgM±{CSffiA-;» K 1 6 

S#:fcffliJ©±fflK:;:^ e>3 - ^^ - 1? u i> ;^ h *^feiPP b . 

i'^ffltr^T^^. mi^^n^. -eL-c. ^i^f^. m« 

N i /P t/Au^r-g-n-eni 0 nm. lOOnm. 3 

[003 5] ;^:tC. ^ISSffi^Jl^fiSf ±iBm€B/N- V 
Fl 6i&JgfiSU:'£S«%i5feH^U. >Xtc. ;^tf>3-dJ- 
•cS«©*gSfilSS3 #fcflBI©±®«: b i>x h b . 

mtfA u 4)11/1 1 OnmfC^^ffitC J: O^b. T-fe 
F>t?y:7 h:j-7%ffCi(C<J:i3SI§««Sl T&f^fS.t 

[0 036] ^>:cc. is^^Si^tf ^, #R^^^i8t«. 

U^iy*;^ A^A-iir^^s.v^Zyif (R I E) ^§f%fflt,» 
T. GaN : S i l®©Sf^©l5»*-Cif 5^>i^-rSC 

[0 03 7] ^^{C. S«©SilWlS%tf SR-T-^J^St* 
tfoA:S«©S«B^<--» Fl 6t**BfiaUA:flW©aBK. 
#SI)!Sibt::^f>3-^j--C7* F Xy'JT. Y^mo-t 

■S. -^-l/T. W^^4fflt,>-CLED^^©/P**S0!;A 
»1 0 0 umeM(c^^i;n£^©IIM. fip-^SS-'N'-y 

F 1 ^m^'mu\^tcmb.w.nw>^<im^^vi'}. 
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[0 03 8] -^XiC. nfllSl l=?:BfS,ti>, nS«Sl 1 

> if^m l> /cffliJO^ffi{C09A« A u % 3 0 0 n mSS© 
[0 03 9] ^^tc, LED5R-=F2*siI|«l^^3fi-7^1±K: 

ifiiiswcsii^ie^j-r -s J: 0 ^cmx.\t^^ > y v 

[0 04 0] m2©|IS6(iD?15S§ 

(D¥ffiiar*.5o 06B. 01©X,-X,iS(C*jt:f2,!i^S 

[004 1] ±IBiii«am3R-7-2 5 ». L E DSR^2 6 
<Dmm&&m<OW^tlh^ S i S i a«?(D-* 

ffi±{C^^^fi^3nA:n^|lJ-'^'^'7TJll 8-C**GaN : S 

i «i, G a NJl±«:?^fiS3tlffitt«^S?L 1 9 
/cv;;^i'2 OrabSS i 0,i. ?g14llfiSS?Ll 9it>tC 
ff^RSSn/cnffliJi'^-:' F»2 l-C*^GaN : S i S 

rSttJa2 2t?*6 I nGaN/GaNBi. InGaN 
/G a N JB±«:j|5^$ fife p fflij -7 f FJS 2 3 "C*.?) A 
lGaN:Mg«t. A 1 G a N : MgJa±K:?f^J5S;Sn 
/iipfflij3>*i' h®2 4-C*SGaN : Mg®i. Ga 
N : McrJB±(c^l[S(Sn/&pSffil 0&. SiS^cDfi 
iBCCffjRSSn/cnmffil 1 i*WTSLEDJR^2 6 

[0042] ±feili^^fS-?^2 5 ffittJ12 2 
fiS-rSBR{Cv;:^i'2 0*M(,»'C(,»^CiWW*. 

[0 04 3] ±gBLED^T-2 6(C*sl^T«. LEDSK 

i®±«:. nflW-'^->'7T® 1 g-CiSGaNBJ&sji^RSS 
^^G a NIB±{cv;^ i' 2 0 i L/T S i O.^^Jf^fiS 

I^^TLl 9;»ia9:(:f6n-C(,»^. fS1^<tS:g?L 1 9 
f§ift«2 2^&JiSS3i±SBRK:cp'C*4Ja:4SP^5>-C* 



(5) i^Fga 2 0 0 1 - 2 8 4 6 4 1 
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»), rS14JB^S?Ll 9©iSS15tC«. nffliji'^f FJB2 1 
i L/TG a N : S i ja3&S{?!l;tti 1 umm^om^icmm 
SnS. -eur. GaN : S i ®±*i?gm»fiSS?L 1 9 
*ia». ffiffiB2 2-C&-5 I nGaN/GaN»7&SM{C 

■5. 

[0 04 4] ^Ji±®J:^«c«fiSi-r-5Ci{cJ:»). Bi^ 
a^SRT- 2 5 ±(C*jtt S L E D«^2 6 ©ttSSiife^lffi 
ffi*i05i||{C?f ^C<b*ir*. LED 26 ©legfl} 
10 S©av 25i-r^>ci*i-ctr^>. 

[0045] iJ^J;©J: 5{c«t^Snfciii«s^^^2 5 

[0046] LE D^-?©igSfigSffl©Stg3 <!: 

MOCVD (Metal Organic Chemical Vapor Depositio 

n) ) mm\Hicnxh. m^mi^m^ita o o~ i o 

5 0 •C©SS(Cjjnl^-r -5 C i tc J; -y- - y - ::. > 

20 [0 047] ^X(c. ^MSi^ y 3 >a*R©-^M±JC. 
m«^Sfia:8 0 0 ~ 1 0 0 0 •c©tasocfet,^-cn«ij 

-'n'-^^tB 1 8 iOrGaN : S i Jl«r?^fiS-r-5>. C© 
Ga N : S i B©»*tt. S i © K-t>i'?fiS«:j: 0 

[0 04 8] ^XiC. GaN : S i ®±{C. •r:^i;2 0t 
lyt:SiO,*0. 2 Mm^S©/S»«:0fiS-r-5. 

08{C^-r<f:^'(Cv;^i'ic, -^3 0. 2 Mm^© 

tgi4Ji^s?L 1 9 ^m. mic^ti^t^mMmctk^^ ^ 

30 fiSg?L 1 9 it. m©XgK:fct»-r rStt® 2 2 ©tfj-c^i «c 

i>i>(D'C$>i>o */c. '7;:^i'20». S i N^ffll^-CJ^ 
[0049] 'AiC. y 3 >S«*fi^^«8 0 0 

~i 0 0 o'c©iasic»nisH'. niJi'^ )' Ka2 i iu 

TGaN : S i Jl^: 1 umWf^mL. MCC#i^S'>y 
3>SS4mi*6 0 0-8 00'C(O@&(^mmbXG 
aN : S i «±tC^JS«^#F«jS (MQW : Multi-Qu 
antum-Well) ©r£tt®2 2 il/TI nGaN (3 nm~ 
40 enmgg) /GaN (5nmgS) ^Jl^fiST^. CC 
GaN : S ifSlSLZfl nGaN/GaNB«. 

{> 2 o±(cBj^fiS3nr. -T-;^ 2 0 t^m-ttcm 

?L1 97&sa*o/cfa«. rSttJSfiSSJLl 9©g|J^4«'C^ 
ib'Cv;!^i'2 ©©iffiCCtS-^tr^OtcjE*!*). AftJK 
*^{Cj^eS3n^). C©i#> Sn§i4Sfi£S?Ll 9 3&^6E 
*5-7T^fiU/c|«S-rSffil4a2 2ISI±*JKj!»s?>)5:1><J: 

[0 0 5 0] C©J:5(C, GaN : S iS±«:vXi'2 
50 0 «rJ^JSR 0 . v;^ i» 2 0 K:fig14«^S?L 1 9 *SWr ffi 
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[0 05 1]*^:. I nGaN/GaNlRitiOI 

Sjl?§*xS^^i^S(Ccfc«PS!&^*i, 1%~8 

I nGaN/GaNOflStC I nGaN/A 1 GaN 
•^Jl nGaN/A 1 N^^fflt^^C i «>t?Sf-5, 
[0052) */c:. m 1 ©||iSOJ^fi§iI3J«(C. 1 n G 
aN(C#±ffi*K-7'-rSCiK:j:9. LEDIS^2 6 

[0053] iX{C. 3 >S«*F9^«8 0 0 

~9 8 0'C©iaS{C*nfSH/. InGaN/GaNRi: 
(C. F@2 SiUrA 1 GaN : MgJi* 

0. 1~0. 2 um^O^tCj^fiS-rS. 

[0054] 'Aic. mi^^->v 3>KS*mif 8 0 0 

^9 8 0'C<DU&licmmV. AlGaN:Mg®±{C. 
pfflij=i>^'i' hJ12 4tUrGaN : Mg?:0. 1 Mm 

ea®is/?«:j^^-rs. pfiwa^^fe^ hJB2 4ii/r© 

GaN-.Msrti. MgrtfiS:=&li5*Ccur?f^J!S-r-5o 
[0 05 5] CC-C, ffi14B2 2«:i'^y Fl/ri»-2>G 
aNJS, AlGaNIB«C«. .iJS«:i&D-CB%iBAL/, 
Al(D^mm=k^<Ltc. BA 1 GaN^SE«:ffl«,>r«>^ 
B*ilA-r-5C tCCcfcO. -e-OT©! nGaN©$ 

[0 05 6] ilBfCteC^r. Ga. N> MffOMI^iL/ 

[0057] ^^(C. Ga N : M g «±K:SS^^• -? F 1 6 

F 1 6©;*c#SSytj^tc*fic:0fc7* Fv^^>&ffl 

P t/Au?r-e*l^n 1 0 nm. lOOnm. 300n 
mSS©|g|/9tc^«S{c J: <omiMV. TH2 F >-C y 7 F 
:j-7*tf5C<»:{Cj:«3 Sffi^^• F 1 6 ^^mri>. * 
/c. Ni/Pt/Au©f^to*)K:Ti/A 1/Pt/A 

[0058] ;^i{c. ®Bjs@ 1 7 ^j^fisr -5. Jbta«@ 

fiS-r^Sig«@ 1 7 <Oiz^ 3SWfJ^{C*fJ&L/c7 * F 
A«Au*JBII51 Onm«:jS^S{cJ:»3fi£BlU. T-fe F 

>-c y 7 F c i (c J: 0 jmnm i ? *?^^-r 

[0059] i>I{C. JB^fSlitf 5. iR^^:»ai«, 
\tV7i?'^^^^:irZ^x.v'^>if (R I E) 



(6) !^2 0 0 1 -2 8484 1 
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[0 060] ^xic. mm(Dwmmm^'i7^, mi-^m^ 

« 1 0 0 a mgSic J^c ^ $ -QmmjiDWm. BP •^m€S-'< f 

[006 1 ] nSS 1 1 ^rff^fiXf-S. nSSl 1 

iL.r«> Au. A 1 X»Cu^:ffll,^€>. SSW^^rSfi 

i/fcmifeS'>';3>»«©a®> Bn^w^4*SL//cfflij© 

^L-C, a«©^ffi. BP^±fBfi«8^N--;' F 1 
6^=&J^RSUyc{IJ©^ffi«:^SMil.t:?^^l,fc7* F 
Ui>;^FS:TH2F>^{Cj:i3^*U, »S©Sffi. BP-^ 
20 >?xy F3^5'9^>i'%SfiO:fcffl!l©£M«:|^*«Au«: 
0. 2Mmggf©l¥i«^{c^.«^{cJ:>)Riaa-r*Ci(cJ: 

[0062] yijtc, im^ly V a >S««r«^A«6 0 0 
-8 0 0*CSS©SKt?l O^rar-'-Jl'-riCitCJ: 
0 p S©+ f U T^tSmtf^ Cti)i-C^i, 

[0 063] ;x{c. -e•n-en©m^=•4&^^^©s#:^l^i^ 
«c5R^As«»iB5>J-r -5 J: 5 {c0«^tf ^-^ e^v -If* 
fflCi-C-sit^;S:tf^C<!:iC<t>3. 05, EI 6 CCtj^-T J: ^ 
^ciiii^a^i^^^ 2 5 ^imt iCttfiV^i, C<Ot 

)i*fln©3Eii-ffitci9:w6nytnsffii i«>siffl«as^ 

^=•2 5(c^5-8tS*ir»,»s. 

[0064] 

[0065] aitfegai 

±^u/c« 1 ©sas©m«cs^«?ia«anyR^-*f^S!{ 
[ 0 0 6 6 ] mtess-y w« 

l^J^fflt^-CjJfe^U/c. -eLT. j5fe?#L/cS«^. MO 
40 CVD (Metal Organic Chemical Vapor Deposition) 

[006 7] 'Anc. mi^^iy y 3 750 'cjcjtin 

«IL/. ^SSS©-ian±K:/'?-^7TjaiorA 1 N : 
S i JB*0. 1 um<Dmfy(iCf^mLtc. 
[0068] yctC. mUSSe^y 3>S«<Sr8 0 0 'Cicm 
mv. A 1 N : S i )l±«:>'N'-;/7Tja<fcL/rGaN : S 

[0069] 'Aic, mssi^y 1 0 0 o-cjc 

50 Umi^, GaN:SiJB±{C. i'^ f FJBi OTA 1 G 
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aN:MgJB*0. 2 Mm(DJ5*tCjfJ^U/c, 

[007 0] ;xcc. mn^^'^ 3 too ■acm 

mL. A\ GaNJBitC. ^afiiF#F«IJ§ (MQW : 
Mil t1 -Quantum-wen) ©SttJliOT I nGaN/Ga 

[007 1 ] 'Xcc. >; 3 9 80 -cicijn 

I nGaN/GaN®±CC. i^^v f^mtOXA 
1 GaN : S i jl* 1 umCOm^icmf&OfCo 
[0 0 7 2] iXtC. 'J P >»tS^ 980 •C{C}jn 

mo. A\Q&N :Me^±iC. alyUPbrntUXG 10 
aN:M8r*0. 1 Mm©/?*«:JgfiRl/fc. 

[007 3] ^Mrat' y 3 >Sffi?:j5fe?tL. 

SJx i; 3 >S® ©ifSSfdSS 3 -a-ifcffliJO^ ® tc X f > 3 - 

hv;^i^«rffl(,>T:Sjfe. 31«*tf-5yt. Ni/ 
P t/Au^-etx^^ll 0 nm. lO Onm. 3 00n 

5&tf 5 C i K J: 0«®>'^• F€rJgfiRL//c. 
[0 074] 'AiC. ilBmffi^N' f K'&ff$fiSL/catg=&i5t 

i^L.. :^f>3-:s?--c#iigB%i^'; 3>a®(Dijss^fiSs 20 

Au^HJf 1 0 nm(C^aF^{Cj;«3fiSjab. Tl2 h 

[0075] iXCC. yri-f-^ rf-fji-^jiy (R 
IE)«:j;«3, GaN : S i JB®@f5e®l?**t?x^.5=• 
> yr ^ C t (C J: 0 m^M^n -p /c, 
[0076] ;^«:. m^m^n^tcmm^m'^ 3>» 

;^if>3-ar-'r?7* bU'S;*^ h*^?SL/A:. -f-or. 30 

L.^:flIiJiS3*ffl!l©^1B®We4tf o fc. 
[0 0 773 i>C{C. SBBiF^^iSOAi^lSSi^y 3>S 

^B. iip-fe±gE®BB/N-^» m^m!&otcm<DmMic^m 

5E®fCAu<&3 0 0nm©J¥*(CRSMf-5C:<!:K;j;0n 40 
[0 07 8 ] d<'-1'i^>5^y-«rfflt>r. LEDIS 

^^*siii<^^7j^^^±cciai^t^(c 5 ~5 o<iie^j-r -s <fc ^ 

[ 0 0 7 9 ] •€• 0-C. ±SZiasi.>Xi'mOft.m»mmSli 
[00801 JJlitc J: O t»^3 nytL E Da^a*« 



#18200 1-28464 1 
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[008 1 ] jj(±{c*jc»-cff etxfcL E Drnfmrnit. 
'S:mxttm^7m^itk^i> c itc j: o flings n-ct* 

7jkm^icn^i,m< . l e d^^^ i m-r'owm-ri>'^^ 
[008 2] mmmz 

Oft. 

[0083] tr. miissi^y 3>ss*fflsu. misk 
mi'&mi.^xmw^oti. -eu-r. rmofcmm^. mo 

CVD (Metal Organic Chemical Vapor Depositio 

n) ) imtHicnxo. m^=s:8oo'c(,cmm-rici:. 
[0 08 4] 'Alc. mi^^i^ y 3 750 'acm 

mo. ^^K1g(D-iM±^C^^'f 7rJatUrGaN : 
S i m=S:3 iim(Dm^l<cm!&Otc, 
[0 08 5] 'AiC. GaN : S i li±{C. ^:^i'tOX 
SiO.^0. 2 nm<Dm^<>cmJ&OfCo '^yt.i^iai. 

immotco 

[0086] 'AiC. SS* 1 0 0 0'CK.imO. i'^ y 
FJBiUrGaN: S i 1 MmO/f^^KJ^fiStfc. 
Mtca®4 7 0 O'CKjJPSRO-CGaN : S i ®±K^* 
fi:^#F«ji (MQW : Multi -Quantum-Well) ©rittS 
iOrinGaN (3nm)/'GaN (5nm) 
L-ifc. 9Stfe7fe€:^f ■5LED^^-*f'paii-r-S/c*iC. 
rmm(^Eu=S:t'-^Otc. rS14«». 

[0087] ^>:tc. us* 1000 •c©fiS«:jnS!io. 

I nGaN/GaNBRJitC. ^' ^ FJSi A 1 G 
aN:Mge*0. 2 tim<DmMCBfS.OtCo 

[008 8] ;xtc, »«4 1 00 0 'Cicmmo. a i g 

aN:MgJB±{C, 3>dii7 FJSiOTGaN : MgJ& 
0. 1 ymO/lMCffJ^Ofc. 

[0 089] -^Xic. mm^u y 3 >sig%j5fe?^o. s<s 

(DilSSfiSS3l*fcffliJcDiH{CXe>3-if--rUi^;^ F 

xm^. mm^frn-^tc. mm^k. Ni/pt/Au*-e 

n^niOnm, lOOnm. 3 0 0 n mOMi^tiCMM 

mic^*)m^o. TH2 F>ry7 F3j-7*?f^ct{cj: 

[0090] ^XtC. ±gBm«S>'< f F*0fiSl//cSSK%j5fe 



1 «• • 
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^. Au*M/51 0 nm(C^«^{Cj:«9ldygll/. T-fe h 

[009 1 ] i^{C. UTi'T-^ :?'-^5^>J:•:-?^>i/■ (R 
IE) tc J: 0 > rgffil^®ffliM* ^ K®©§f^©Jl 

[0092] iR^at^tf ^ytmiigsj^i; 3>s 

W^t8^*ffll/»r L E D^^CDJlE*3&sm« 1 0 0 /im 

[0093] 'Aic. mmiff^=&mbftm^^iy »; 3>a 

>y*iSUA:ffli|(D3Effl«: A u ^Sr 5 0 0 n mCDJ?*{C^# 
fficc 0; jjSM-r €. C i tc J: (p n 0 /t, 

[0094] >xi>c. ±iB{ctei>rteSfiSS3-a-fca«* 

8 0 0-C©aet?T^-;l'-r-5Ci{CJ:0 pSO+i-'J 

[0 09 5];?^(C. ^H'i'>i'y-^ffll»r. LED^ 
^*siilflia^^^±iciiD^t>i{c 7 Mi3^J-r -SO: ^ (c--# 

[0 0 9 6] ffiffig(CEu©f^to»3{CTb5& 
ciij^i1-»±ia<bl5l«K:LT. iiife^^cDiii^a^^ 30 
^=-*faSL/. r£tt«tc:Eu©f<ito»)tcTm% K-:f-r-S 
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